Introduction {#sec1}
============

Food insecurity is highly prevalent in the United States and has risen starkly as a result of the social-distancing policies and economic disruption brought on by the coronavirus disease 2019 (COVID-19) pandemic. Prior to COVID-19, 1 in 9 households in the United States were food insecure ([@bib1]), which refers to having limited or uncertain access to adequate food ([@bib2]). Food insecurity disproportionately affects households with children under 6 years of age, female-headed households, adults living alone, adults with disabilities, Black and Hispanic households, and low-income households ([@bib1], [@bib3]). Such populations are likely to experience even higher rates and more extreme forms of food insecurity during the pandemic and the resulting economic crisis, similar to the way in which these vulnerable populations experienced disproportionate increases in the prevalence, severity, and duration of food insecurity during the Great Recession ([@bib4], [@bib5]). Thus, increases in food-insecurity rates will likely persist among these populations after social-distancing policies are lifted and the economy stabilizes.

Changes in the depth and breadth of food insecurity during the COVID-19 pandemic could have serious and long-lasting health consequences. Food insecurity is associated with increased risk for chronic diseases such as HIV ([@bib6], [@bib7]), type 2 diabetes ([@bib8], [@bib9]), cardiovascular disease ([@bib10], [@bib11]), dyslipidemia ([@bib10], [@bib12]), and hypertension ([@bib10], [@bib12]), as well as chronic disease morbidity ([@bib13]) and mortality ([@bib18], [@bib19]). Although the impact of COVID-19 on food-insecurity prevalence has been highly visible, the downstream impact on chronic disease will be more challenging to observe. Nonetheless, the pandemic may contribute to a rise in the burden of these chronic diseases as well as increased disease-related morbidity and mortality among individuals with existing chronic diseases. Further, given that chronic diseases such as diabetes and cardiovascular disease are risk factors for COVID-19 complications ([@bib20]), food insecurity could elevate the risk for worse COVID-19 outcomes.

A sound understanding of the complex pathways through which the pandemic-related economic and public health crises contribute to food insecurity and poor health outcomes in the short- and long-term is critical to inform programs and policies that provide food and other support for the most vulnerable during the pandemic; such work may also inform how we approach future public health and economic crises. We propose a conceptual model to inform research priorities and guide the development of effective interventions and policies.

COVID-19 Pandemic and Food Insecurity {#sec2}
=====================================

The impact of the COVID-19 pandemic on food insecurity and poor health outcomes is complex, multilevel, and bidirectional. Conceptual models are useful for depicting these complex relationships and facilitating analysis of hypothesized causal associations in multidimensional health problems ([@bib21], [@bib22]). Our conceptual model ([**Figure 1**](#fig1){ref-type="fig"}) demonstrates the multilevel (structural-, household- and individual-level) factors influencing food insecurity and health outcomes during the pandemic, drawing on prior work describing the relationship between food insecurity and health ([@bib21], [@bib23]).

![Social and structural impacts of COVID-19 on food insecurity and health outcomes. COVID-19, coronavirus disease 2019.](nqaa226fig1){#fig1}

Structural context {#sec2-1}
------------------

### Existing economic and health disparities {#sec2-1-1}

The impact of the COVID-19 pandemic on food insecurity and poor health outcomes occurs in the context of pre-existing economic and health disparities, largely driven by systemic racism ([@bib23]). Prior to COVID-19, Black, Hispanic, and low-income households experienced a disproportionate burden of both food insecurity and chronic disease ([@bib1], [@bib27], [@bib28]). For example, in 2018, the prevalence of food insecurity was highest among low-income (29.1%), non-Hispanic Black (21.2%), and Hispanic (16.2%) households, compared with 11.1% in the general population ([@bib1]). These same populations also experience disproportionate rates of diabetes ([@bib27]), obesity ([@bib28]), hypertension ([@bib28]), and HIV ([@bib29]). Such disparities are driven by inequitable access to resources, including employment, food, housing, education, and healthcare ([@bib25], [@bib30]). It is within the context of existing health and economic disparities that we can begin to understand how the economic and public health crises of COVID-19 intersect at the household level, exacerbating existing disparities.

### Fragile food system {#sec2-1-2}

At the same time, the COVID-19 pandemic has exposed fault lines in our existing food system. The US food system is oriented toward 2 separate modes of food consumption: one that supports household food preparation and consumption (e.g., grocery stores, farmers' markets, food banks, etc.) and another designed for consumption in institutions and outside the home (e.g., restaurants, schools, businesses, etc.). The overnight shutdown of restaurants, schools, worksites, and many other institutions due to COVID-19 increased demand for food at home and created food supply disruptions in grocery stores and the charitable feeding system (e.g., food banks and pantries) ([@bib31]). This rapid shift in demand simultaneously forced farmers to waste staggering amounts of fruits, vegetables, and dairy originally destined for consumption outside the home ([@bib32]).

### COVID-19 structural context {#sec2-1-3}

In addition to the structural context existing prior to the pandemic, COVID-19 introduces its own structural factors. Beginning in late February 2020, news of the spreading virus sparked a global economic crisis ([@bib33], [@bib34]). In mid-March 2020, municipalities and states across the United States began issuing stay-at-home orders to quell the spread of COVID-19 ([@bib35]). The majority of such orders required the closure of schools, daycare facilities, and "nonessential" businesses, including dine-in restaurants, gyms, shopping malls, and movie theaters ([@bib35]). As a result, the unemployment rate in the United States skyrocketed from 3.5% to over 14%, representing the highest levels of unemployment since the Great Depression ([@bib36]). Many employees who have not been laid off are coping with reduced hours and income. In total, 43% of US adults report that they or someone in their household have lost a job or taken a pay cut because of COVID-19 ([@bib37]). Lower-income adults report even higher (52%) rates of job upheaval ([@bib37]).

As a result, the demand for food aid has substantially increased ([@bib31], [@bib38], [@bib39]). For example, in Los Angeles County in California, the number of applicants for the Supplemental Nutrition Assistance Program (SNAP; formerly known as food stamps) has nearly doubled ([@bib39]). Reports from across the country also suggest that demand for charitable food services (food banks, food pantries, and "soup kitchens") has increased 50--140% since February 2020 ([@bib31], [@bib38]). At the same time, these resources are being stretched in their capacity to access donated food ([@bib31]). Grocery stores, a main source of food donations to food banks and pantries, have less food to donate as they experience panic purchasing and people shift their dietary habits from eating in restaurants, workplaces, and schools to eating at home ([@bib31]). As a result, some food banks are purchasing more food, driving up costs, and distributing less food per household ([@bib38], [@bib40]). Such pressure on the charitable food system may exacerbate rising food insecurity rates.

Finally, in places where COVID-19 has overwhelmed the health system, there may be limited capacity to support patients with non--COVID-related chronic health conditions. Prior research has documented interruptions in medical care and medication adherence during and after disasters such as hurricanes and earthquakes ([@bib41], [@bib42]). Furthermore, during this pandemic there is some evidence that people are avoiding clinical settings for fear of viral exposure. For example, data from the US Census Bureau suggests that 41.2% of households delayed accessing healthcare because of the pandemic ([@bib43]). Such interruptions could have implications for both short- and long-term health outcomes ([@bib44]).

Impact of the structural context of COVID-19 on food insecurity and health outcomes {#sec2-2}
-----------------------------------------------------------------------------------

Data from the US Census Bureau suggest that 38% of adults in the United States experienced an increase in food insecurity since mid-March 2020 when COVID-19 was declared a national emergency ([@bib43]). These prevalence estimates are likely to increase as the economic crisis and stay-at-home orders persist. Indeed, unprecedented job and income loss sparked by the pandemic has left millions of Americans without the means to purchase the quantity and quality of food needed. At the same time, the price of food sold in grocery stores has increased, further preventing low-income households from accessing food ([@bib45]). In addition, populations more vulnerable to COVID-19 complications, such as older adults and those with existing chronic diseases, may be unwilling or unable to access food due to fear of viral exposure, further driving food insecurity.

Food-insecure households generally rely on 4 broad strategies to maintain access to food, all of which may be severely impacted by the COVID-19 epidemic ([@bib23]). First, households may make shifts within their own spending patterns to prioritize food---for example, putting off rent or utilities payments to pay for food ([@bib23]). This strategy is less feasible when the entire household budget has been severely impacted. Second, households may rely on informal support from social networks ([@bib46]). During a pandemic, this strategy may be less effective due to social-distancing policies and the desire to limit exposure to the virus. Third, households may access federal nutrition programs such as SNAP. For eligible households, this may be a particularly effective strategy, but benefit levels are often not adequate to fully meet household needs ([@bib23]). Further, while new federal policies address the increasing demand for food aid during COVID-19, such as expanding SNAP eligibility, implementation has not begun in many states and new policies may not meet the needs of the most vulnerable ([@bib47]). Finally, households may rely on the charitable food system. Historically, this system was designed to provide emergency food in times of crisis. However, even before COVID-19, national estimates suggest that millions of households were relying on the charitable food system to address long-term gaps in food access ([@bib48]). Relying on the charitable food system over the long-term can create challenges related to shortages in food supply/donations; limited nutritious, culturally competent, or palatable food options; and accessibility (such as restricted service hours) ([@bib48], [@bib49]). COVID-19 has placed additional strain on this fragile system due to the sharp increase in demand, food supply disruptions, and volunteer shortages during stay-at-home orders ([@bib31], [@bib40]). As a result of these factors, the depth of food insecurity is worsening for many households, with implications for health.

### Health impact of food insecurity during COVID-19 and beyond {#sec2-2-1}

Food insecurity is a risk factor for both short- and long-term health through 3 pathways: household stress, behavioral, and inflammatory pathways.

#### Household stress pathway {#sec2-2-1-1}

Food insecurity is a powerful stressor ([@bib50]). Stress about where and how to access food will likely intersect with stress about job loss and strained finances, disconnection from social support systems, and worry about one\'s own health and the health of loved ones during the COVID-19 pandemic. Reports suggest intimate partner violence (IPV) has risen since stay-at-home orders went into effect, and experts expect child abuse to also rise, likely resulting from increased household stress and physical proximity brought on by stay-at-home orders ([@bib53], [@bib54]). Indeed, spikes in IPV and child abuse incidence have been documented during and following other natural disasters (e.g., earthquakes and hurricanes), due in part to increased household stress ([@bib55], [@bib56]). Similarly, food insecurity is also associated with increased risk for IPV, likely through a pathway of household stress ([@bib57]). Violence, in turn, is associated with a number of acute and chronic health outcomes including injury, poor mental health (e.g., depression, anxiety, etc.), chronic conditions (e.g., diabetes, cardiovascular disease, etc.), and even death ([@bib58], [@bib59]).

Individuals experiencing food insecurity are also more likely to experience symptoms of depression ([@bib60], [@bib61]), anxiety ([@bib62]), and post-traumatic stress disorder (PTSD) ([@bib62]), as well as suicidality ([@bib60]). Qualitative research suggests that financial and food insecurity can fuel feelings of sadness, shame, guilt, anxiety, and hopelessness ([@bib52], [@bib63]). In the context of COVID-19, it is likely that such feelings will be exacerbated by social isolation, anxiety about the health of oneself and one\'s loved ones, and stress about unemployment and financial and food insecurity ([@bib64]). Poor mental health, in turn, contributes to risk for HIV infection ([@bib65], [@bib66]), and development of diabetes ([@bib67]) and cardiovascular disease ([@bib68]) through increased risk behaviors such as high-risk sexual behaviors ([@bib66]), overeating or undereating ([@bib69]), and physical inactivity ([@bib69]). Poor mental health can also increase the risk of chronic disease morbidity and mortality ([@bib70], [@bib71]) through interruptions in healthcare, including reduced uptake of, and nonadherence to, antiretroviral medication for HIV and hypoglycemic medication for diabetes ([@bib61], [@bib72]).

#### Behavioral pathway {#sec2-2-1-2}

Food-insecure individuals engage in a number of strategies to manage their food insecurity, which may place them at increased risk for poor health outcomes in the short- and long-term. For example, some food-insecure individuals engage in high-risk sex such as condomless or transactional sex to access food, which increases the risk of HIV transmission ([@bib73], [@bib74]). Some food-insecure individuals avoid taking medications when they do not have enough food to eat due to increased side effects such as nausea or fear of adverse effects related to taking medication on an empty stomach ([@bib75]). Such behaviors contribute to low medication adherence and could lead to disease progression ([@bib61], [@bib75]). Additionally, food-insecure individuals make trade-offs between using their limited resources to purchase food or purchase medications or medical care, resulting in cost-related medication nonadherence and interruptions in healthcare ([@bib75], [@bib82]). Such behaviors could be exacerbated during the COVID-19 pandemic; overwhelmed healthcare systems are less able to address the needs of chronically ill patients, and individuals may avoid health facilities or pharmacies to reduce viral exposure. Related adverse health outcomes in the short-term could increase the risk for the development of chronic disease or chronic disease complications in the long-term.

To save money, food-insecure individuals often consume cheaper, more-energy-dense foods (e.g., highly processed foods) instead of more expensive and nutritious fresh fruits and vegetables and lean proteins ([@bib83]). Food-insecure individuals, particularly women, also report overeating when food is available to compensate for past deprivation ([@bib86]). In the first few months of COVID-19, many households, regardless of food-security status, prioritized shelf-stable foods to hedge against supply gaps and reduce viral exposure by extending time between needing to visit grocery stores or food pantries. However, as the food supply disruptions and social-distancing policies lift, it is likely that higher-income households will return to their normal eating and purchasing habits. In contrast, lower-income households, who have borne the brunt of the economic crisis ([@bib37]), will likely have to rely on shelf-stable and energy-dense foods for a longer period of time, as they did during the Great Recession ([@bib4], [@bib5]). Shelf-stable foods are generally highly processed and often contain high amounts of sodium, fat, and sugar. Sustained consumption of such foods is likely to partially explain the increased risk of obesity ([@bib86]), diabetes ([@bib8]), hypertension ([@bib10]), and hyperlipidemia ([@bib10]) observed in food-insecure households.

Individuals living in households experiencing more severe forms of food insecurity may reduce food or skip meals entirely ([@bib87]). Undernutrition and micronutrient deficiency, although rarely observed in the United States, are associated with poor health outcomes in both the short- and long-term. For example, severe episodes of hypoglycemia among patients with diabetes are more common when food budgets are most likely to be exhausted ([@bib88]). Disruptions in dietary intake may impact the absorption of certain medications, including some antiretroviral medications for HIV ([@bib89]), increasing the risk of treatment failure and disease progression.

#### Inflammatory pathway {#sec2-2-1-3}

Finally, emerging evidence suggests that food insecurity may increase the risk of poor health outcomes through an inflammatory pathway ([@bib90], [@bib91]). Food insecurity has been independently associated with elevated concentrations of inflammatory markers C-reactive protein ([@bib11], [@bib91]), IL-6, and TNF receptor 1 ([@bib90]), which have been linked to chronic diseases such as cardiovascular disease ([@bib92]), HIV infection ([@bib93], [@bib94]), HIV progression, and non--AIDS-defining conditions among people living with HIV ([@bib93], [@bib94]). It is possible this association is driven by a stress response or dietary patterns related to food insecurity. As previously noted, food insecurity is a powerful stressor, and stress is associated with elevated levels of inflammation ([@bib95]). Higher intake of fat and red and processed meat, as is typical among food-insecure households ([@bib85]), is also associated with elevated levels of inflammation ([@bib96], [@bib97]). Both of these mechanisms are likely to be exacerbated during COVID-19, leading to elevated levels of inflammation. The inflammatory response also appears to be an important factor in COVID-19 disease severity ([@bib98]).

### Food insecurity and poor health: Cyclic and mutually reinforcing processes {#sec2-2-2}

In the context of COVID-19, links between food insecurity and poor mental and physical health are interconnected and mutually reinforcing. The pandemic can increase the risk of food insecurity due to rising unemployment and household economic disruption, social-distancing policies, and desire to avoid viral exposure. Food insecurity, in turn, increases the risk of chronic disease, including diabetes and cardiovascular disease, which places individuals at increased risk for COVID-19 complications ([@bib99], [@bib100]). Indeed, the fact that low-income and Black/African American and Hispanic households already experience disproportionate rates of food insecurity and chronic disease due to underlying health and economic disparities may partially explain why such populations are experiencing worse COVID-19 outcomes ([@bib101], [@bib102]). Finally, either chronic disease or COVID-19 and its sequelae, including severe cognitive dysfunction ([@bib103], [@bib104]), can limit capacity to maintain employment and increase financial insecurity through out-of-pocket healthcare expenses, ultimately increasing one\'s risk for food insecurity ([@bib3], [@bib23]).

Short-term and long-term impacts of COVID-19 on food insecurity and health outcomes {#sec2-3}
-----------------------------------------------------------------------------------

The various social and structural dynamics caused by the COVID-19 pandemic will have differential effects on short- and long-term health outcomes. Specifically, we posit that the social-distancing policies, stressed healthcare and food aid systems, job/income loss, and food insecurity will all contribute to worse health outcomes in the short-term. For example, someone with type 2 diabetes who has lost their job may become hypo- or hyperglycemic if they are unable to access the food or medications they need due to their limited income, the desire to avoid viral exposure, or the stressed healthcare system.

Ultimately, social-distancing policies will be relaxed and the health system will stabilize, but the negative impact of COVID-19 on the economy will likely persist for many years, particularly for low-income workers. First, persistent food insecurity and its associated sustained diet of cheap and energy-dense foods could lead to a rise in rates of chronic disease such as diabetes, obesity, and cardiovascular disease in the years following the COVID-19 outbreak. Second, sustained food insecurity could also lead to chronic mental health conditions such as depression ([@bib60], [@bib61]), anxiety ([@bib62]), and PTSD ([@bib62]), exacerbated by social isolation, stress, and job loss related to COVID-19 ([@bib64]). Third, those with pre-existing chronic diseases will likely experience sustained challenges in chronic disease self-management, such as cost-related medication nonadherence or having to make trade-offs between accessing food or medication, which could lead to a rise in chronic disease morbidity and mortality. For example, people with stable jobs and controlled HIV prior to COVID-19 who subsequently lose their job for a long period of time and become food insecure may experience long-term barriers to HIV management and increased risk for AIDS-related morbidity and mortality. Fourth, short-term health problems resulting from the COVID-19 pandemic may have long-term sequelae. For example, a person with high blood pressure who has a hypertensive stroke during the pandemic may become permanently disabled. Similarly, a person experiencing acute complications from COVID-19 (such as renal failure) may experience long-term health sequelae that permanently affect employment capacity and therefore risk for food insecurity. Because the epidemic has mostly affected racial and ethnic minorities ([@bib101], [@bib102]), many of whom are low income, these populations will likely face the greatest long-term risk to their health, further exacerbating health disparities.

Research Implications {#sec3}
=====================

There is an urgent need to understand how the pandemic-related increase in food-insecurity prevalence and severity impacts short- and long-term health outcomes. Research should also assess how food insecurity and COVID-19 disease risk and severity are related, and how COVID-19--related disability may contribute to food insecurity. Such research should examine how the pandemic might exacerbate existing disparities in food insecurity and chronic health. This research is necessary to guide the development of programs and policies to meet the needs of food-insecure households during this time and in future public health and economic crises.

Further, we need to elucidate the relative contributions of financial insecurity, food insecurity, household stress, and healthcare interruptions in the development of worse short- and long-term health outcomes, including HIV- and diabetes-related morbidity and mortality. Such information can help public health practitioners and policymakers target their programs and policies to the factors that contribute the most to worse health outcomes.

Qualitative methods are needed to help us understand the lived experiences of food-insecure individuals and families during the pandemic. Such research will improve our ability to prepare for future pandemics by illuminating how households access food, cope with social distancing, and manage their mental and physical health during a public health crisis. Such research can also offer nuanced insights into the mechanisms linking the structural context of COVID-19 to food insecurity and poor health.

There is also a need to determine best practices, feasibility, and acceptability of food-insecurity interventions while social-distancing policies are in effect. We must study novel and cost-effective models for feeding a growing population of food-insecure individuals over time. We also need to assess the efficacy of combination interventions during the pandemic---for example, interventions that simultaneously address food insecurity and its downstream health impacts through food-support programs coupled with nutritional and behavioral counseling. Finally, policies that impact household budgets, such as the Earned Income Tax Credit and cash transfers, also address food insecurity ([@bib105], [@bib106]) and could serve as an important buffer for households against the COVID-19--related economic crisis.

Conclusions {#sec4}
===========

The number of Americans experiencing food insecurity is rapidly rising due to the economic and public health crises sparked by the COVID-19 pandemic. We expect the pandemic-related increase in food insecurity will have downstream effects on chronic health outcomes through pathways of household stress, behavioral coping mechanisms, and inflammation. Ultimately, the pandemic will exacerbate existing disparities in food insecurity and chronic disease, which will persist after the pandemic. Public health research and programs are urgently needed to characterize and address the effects of the pandemic-related rise in food insecurity on health.
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